Our objective was to determine the significance of age in patients treated with sequential or concurrent chemoradiotherapy for locally advanced nonesmall-cell lung cancer (LA-NSCLC). Ninety-eight patients were 70 years of age or younger and 25 were older than 70 years. In multivariable analysis, there was no difference in the progression-free survival (hazard ratio [HR], 1.15; P [ .64) or overall survival (HR, 1.18; P [ .65) of older versus younger patients. Chemoradiotherapy is an effective treatment in elderly patients with LA-NSCLC, with outcomes similar to that in younger patients. Background: The objective of this study was to review our institution's experience among patients with locally advanced nonesmall-cell lung cancer (LA-NSCLC) treated with chemotherapy and radiation and to determine the prognostic significance of age. Patients and Methods: Patients were included if they underwent sequential or concurrent chemoradiotherapy from 2006 to 2014 for LA-NSCLC. Patients were stratified according to age 70 and >70 years. KaplaneMeier and Cox regression methods were performed to evaluate overall survival (OS) and progression-free survival (PFS). Results: One hundred twenty-three patients were identified. Ninety-eight patients were 70 years of age or younger and 25 patients were older than 70 years of age. The median radiotherapy dose was 6660 cGy (range, 3780-7600 cGy). A greater percentage of elderly patients were men, 72% (18 patients) versus 39% (38 patients) (P ¼ .006) and received carboplatin/paclitaxel-based chemotherapy, 60% (15 patients) versus 21% (20 patients) (P < .001). Median follow-up for OS was 25.9 (95% confidence interval [CI], 21.3-33.9) months. There was no difference in the PFS of older patients versus younger patients (hazard ratio [HR], 1.15; P ¼ .64), adjusted for significant covariates. The 1-year PFS rate for patients 70 years of age or younger was 51% (95% CI, 42%-63%) versus 45% (95% CI, 28%-71%) in patients older than 70 years. After adjusting for significant covariates, there was no difference in the OS of older patients compared with younger patients (HR, 1.18; P ¼ .65). The 1-year OS rate for patients 70 years of age or younger was 77% (95% CI, 68%-86%) versus 56% (95% CI, 39%-81%) in patients younger than 70 years. Conclusion: Chemoradiotherapy is an effective treatment in elderly patients with LA-NSCLC, with outcomes similar to that in younger patients. Appropriately selected elderly patients should be considered for chemoradiation.
Introduction
In the United States, lung cancer is the leading cause of cancer death and the second most common cancer in men and women. It is estimated that there will be 224,390 new cases of lung and bronchus carcinoma and 158,080 deaths from this cancer in 2016. 1 The most rapidly growing population in the United States are those aged 65 years and older. 2 By 2050, this age group is expected to reach 88.5 million, making up 20.2% of the population. 3 Because of the increasing growth and aging of the population, as well as the prevalence of risk factors such as smoking, obesity, and sedentary 1 Division of Radiation Oncology, Department of Oncology, Karmanos Cancer Center lifestyles, the incidence of malignancy is increasing. 4 Increasing age is directly associated with increasing rates of cancer, corresponding to an 11-fold higher incidence of cancer in persons older than the age of 65 years compared with those younger than 65 years of age. 5 In an analysis of the Surveillance, Epidemiology, and End Results database, nearly half of lung cancer cases are diagnosed in people aged older than 70 years, and 14% of cases are diagnosed in patients older than 80 years of age. 6 Cancer represents a significant health problem at any age, and the disease and treatments offered can affect a patient's health and quality of life. With advancing age, patients have physiologic changes resulting in reduced hepatic and renal function, increased body fat, reduced total body water, as well as added comorbidities, and decreasing social support, which might lead to decreased survival. [7] [8] [9] The diagnosis of lung cancer in an elderly patient with the normal and pathologic changes associated with aging might introduce great complexity into the clinical decision-making process and create a difficult situation for health care providers. 5 The risk of toxicity from aggressive cancer therapy must therefore be carefully balanced against the potential benefit in this population. Physicians must also be aware of the risk that elderly patients might be undertreated or not treated altogether, solely because of their age, despite being otherwise fit for appropriate therapy. 10, 11 Locally advanced (LA) nonesmall-cell lung cancer (NSCLC) is commonly managed with multimodal therapy consisting of chemotherapy and radiation, 12, 13 yet there are limited data regarding the efficacy and safety of this approach in elderly patients. 14 We therefore sought to review our institution's experience among patients with LA-NSCLC treated with chemotherapy and radiation and to determine the prognostic significance of age.
Patients and Methods
After institutional review board approval, a retrospective study of patients treated from 2006 to 2014 for LA-NSCLC with radiation and chemotherapy was performed. Patients were included if they had biopsy-proven LA-NSCLC, defined as stages IIB to IIIB, and underwent either sequential or concurrent chemotherapy and radiotherapy. Medical records were reviewed to obtain demographic, clinical, radiographic, and pathologic data. Diagnosis was established using a bronchoscopic or computed tomography (CT)-guided biopsy and staging studies routinely included a CT scan of the thorax and abdomen, magnetic resonance imaging of the brain, and an 18-fluorodeoxyglucose positron emission tomography scan. Staging was assigned on the basis of the American Joint Committee on Cancer staging manual, seventh edition. 15 Clinical radiation pneumonitis included patients with Grade 2 pneumonitis, defined according to the Common Terminology Criteria for Adverse Events version 4.0. 16 All patients included in this analysis underwent a course of sequential or concurrent chemoradiotherapy. This course of therapy was determined by the treating physicians, generally after evaluation and discussion in a multidisciplinary tumor conference in which pulmonologists, thoracic surgeons, medical oncologists, radiation oncologists, radiologists, and pathologists were present. The choice of chemotherapeutic regimens, and any modifications that might have been made throughout the course of treatment, was determined by the managing medical oncologist. The dose, modality, and technique of radiation therapy were decided by the managing radiation oncologist. For most cases, a 4-dimensional CT (4DCT) scan was typically performed at the time of simulation for assessment of tumor motion. The gross tumor volume (GTV) included the primary lung tumor and involved lymph nodes on the basis of CT and positron emission tomography imaging. The internal target volume (ITV) included GTV contoured on all 10 phases of 4DCT imaging. The ITV was typically expanded by 5 mm to generate the clinical target volume (CTV). The CTV was expanded by an additional 5 mm to generate the planning target volume (PTV) in patients for whom daily imaging was performed. In patients in whom daily imaging was not performed, a larger PTV expansion was typically used. Radiation was delivered with either a 3-D conformal technique, intensity modulated radiation therapy, or a combination of the 2 techniques. Most patients were treated to a total dose of 60 to 70 Gy in 1.8-to 2.0-Gy daily fractions. During radiotherapy, patients were evaluated at least weekly in on-treatment clinic to assess progress, manage adverse effects of treatment, and to determine whether or not a break in treatment was necessary.
Patients were stratified according to age 70 years of age or younger and age older than 70 years. KaplaneMeier survival analysis was used to describe the data and Cox regression was performed to compare the overall survival (OS) and progression-free survival (PFS) of the 2 patient groups. Analyses were stratified according to treatment regimen received (taxane-based or nontaxanebased) to mitigate concerns about comparing survival curves in a retrospective sample. Statistically significant covariates, including age, disease stage, chemotherapy regimen and sequence, total radiation dose, and lung dosimetrics were included in the separate Cox regression models for PFS and OS.
Results
One hundred twenty-three patients were identified. The median age was 61 (range, 40-90) years for the entire cohort; 98 patients were 70 years of age or younger (median age, 59.0), whereas 25 patients were older than 70 years of age (median age, 77.7 years). In patients older than 70 years, 6 were aged 71 to 75 years and 19 were older than 75 years. Five patients were included with stage IIB, 79 with IIIA, and 39 with stage IIIB disease. The median radiotherapy dose was 6660 cGy (range, 3780-7600 cGy). Chemotherapy regimens consisted of cisplatin/etoposide (n ¼ 54), carboplatin/paclitaxel (n ¼ 35), carboplatin/pemetrexed (n ¼ 30), gemcitabine (n ¼ 3), and erlotinib (n ¼ 1). Table 1 shows the patient characteristics in the 2 groups.
For patients 70 years of age and younger, 25 received sequential treatment (25%), 35 received neoadjuvant chemotherapy followed by concurrent chemoradiation (36%), and 38 received concurrent chemoradiotherapy alone (39%). For patients older than 70 years of age, 9 received sequential treatment (36%), 6 received neoadjuvant chemotherapy followed by concurrent chemoradiation (24%), and 10 received concurrent chemoradiotherapy alone (40%). Table 2 shows the treatment characteristics of the 2 groups. A higher percentage of elderly patients were men, 72% versus 39% (P ¼ .006) and received taxane-based chemotherapy; 60% versus 21% (P < .001).
Median follow-up for OS was 25. Combined Therapy for LA-NSCLC in Elderly Patients respectively. There was no difference in the OS of older patients versus younger patients (hazard ratio [HR], 1.18; P ¼ .65), adjusted for the volume of lung receiving at least 10 Gy (lung V10) and stratified according to treatment received ( Figure 1 ). The 1-year OS rate for patients 70 years of age or younger was 77% (95% CI, 68%-86%) versus 56% (95% CI, 39%-81%) in patients older than 70 years.
There was no difference in the PFS of older patients versus younger patients (HR, 1.15; P ¼ .64), adjusted for tumor location and lung V5 and stratified according to treatment received ( Figure 2 ). The 1-year PFS rate for patients 70 years of age and younger was 51% (95% CI, 42%-63%) versus 45% (95% CI, 28%-71%) in patients older than 70 years. The median PFS for patients 70 years of age and younger and those older than 70 years was 13.0 (95% CI, 9.9-23.6) months and 8.7 (95% CI, 7.3-NR) months, respectively.
The rate of symptomatic pneumonitis was nonsignificantly higher in the elderly group; 10 of 25 patients (40%) versus 23 of 98 patients (23%) in the younger cohort (P ¼ .158). For the entire population, there was no difference in pneumonitis on the basis of chemotherapy regimens. The mean total lung V5, V20, and mean lung dose (MLD) did not differ significantly on the basis of age. The V5, V20, and MLD were 41.5%, 27.4%, and 16.3%, respectively, for patients 70 years of age and younger, and 41.0%, 25.0%, and 15.5%, respectively, for patients older than 70 years.
Discussion
As life expectancy continues to lengthen and the elderly proportion of the population grows, the incidence of cancer is increasing. 17 Despite this, data for the most appropriate treatment of this cohort of patients are lacking, because elderly patients are generally underrepresented in clinical trials for NSCLC. [18] [19] [20] [21] Because treatment recommendations are on the basis of data from clinical trials that largely enroll younger patients, it is unknown whether it is appropriate to generalize these data to elderly patients. Additionally, it has been shown that elderly patients are less likely to be referred to medical oncology or receive chemotherapy 22 despite evidence from a prospective randomized controlled trial that showed improved survival for elderly patients who receive chemotherapy compared with best supportive care. 23 Additional data are essential to better understand how elderly patients with LA-NSCLC respond to combined modality therapy. The present study adds data to the scarce existing body of literature regarding a common and often fatal malignancy, which is certain to become a growing problem in the aging population. Several studies have investigated outcomes among elderly patients who receive chemotherapy and radiation for LA-NSCLC. In a combined analysis of 6 prospective Radiation Therapy Oncology Group (RTOG) trials, 24 it was reported that patients 70 years of age or younger had improved survival with more aggressive therapy, and patients older than 70 years achieved the best quality-adjusted survival time with standard radiotherapy alone. In this trial, quality-adjusted survival time was calculated by weighting the time spent with a specific toxicity, as well as local or distant tumor progression. Furthermore, each toxicity was weighted with increasing severity as the toxicity increased in grade. In the present study, an increase in clinical radiation pneumonitis was observed in the elderly group without a statistically significant difference in survival. When taking into account the disparate rates of pneumonitis between the 2 groups, the results of our study might actually be concordant with the combined RTOG analysis. Our findings are consistent with a secondary analysis of a phase III trial of the North Central Cancer Treatment Group, 25 which examined chemotherapy with either twice per day radiation therapy or daily radiation in patients with stage III NSCLC. In this analysis, it was reported that, despite a higher rate of toxicity 
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(myelosuppression and pneumonitis), elderly patients were found to have survival rates that were equivalent to that of younger patients. From these data, the authors concluded that fit elderly patients with LA-NSCLC should be encouraged to receive combined modality therapy, preferably in a clinical trial, with careful monitoring.
In an attempt to provide evidence-based recommendations for the management of elderly patients with NSCLC, the European Organization for Research and Treatment of Cancer Elderly Task Force and Lung Cancer Group, in collaboration with the International Society of Geriatric Oncology (SIOG), developed an expert panel resulting in a consensus article for the management of this patient population. 26 For LA-NSCLC, they advise cautious interpretation of the limited data and that treatment decisions should consider a patient's life expectancy, comorbidities, functional status, and preferences. They also note that chemoradiation, either sequentially or concurrently, should be considered as an option in select, fit, elderly patients. Additionally, in a recent meeting of an expert panel in Italy, a set of recommendations was issued using the best available data regarding the management of elderly patients with LA-NSCLC. The panelists agreed that elderly patients should not be excluded from combined modality chemoradiation therapy because of age alone and that fit elderly patients might benefit from concurrent treatment. They also concluded that elderly patients who are ineligible for concurrent chemoradiotherapy might be considered for sequential treatment because of the prospect of less toxicity compared with concurrent therapy. 27 The decision for treatment requires understanding of biological and cancer-related factors in the context of the patient's overall condition, including quality of life, and performance status, in addition to the availability of effective treatment options. Furthermore, another important element of caring for the elderly is a discussion regarding the goals of care (cure, prolongation of life, or palliation of symptoms), as well as understanding the patient's inclination to pursue aggressive therapy. Chronologic age alone is not a reliable predictor of life expectancy or risk of treatment-related toxicity. 17, 28 Therefore, effective management of LA-NSCLC requires a practitioner to be skilled in the overall evaluation of geriatric patients. Currently, there are many ways to assess overall health in the elderly population. 29 The National Comprehensive Cancer Network Guidelines for Older Adult Oncology include a useful algorithm regarding the approach to decision-making in the older adult cancer patient. 30 This includes evaluating whether or not a patient is likely to die or suffer from malignancy compared with life expectancy, has decision-making capacity, and whether or not a patient's goals and values are consistent with wanting anticancer therapy. After this initial assessment, risk factors for adverse outcomes from cancer treatment are examined. This is the basis of an essential framework for choosing which and what type of therapy should be used. Comprehensive geriatric assessment (CGA) is a multidimensional, interdisciplinary diagnostic process used to determine a geriatric patient's medical, psychosocial, and functional capabilities and is used to develop a coordinated and integrated plan for treatment and long-term follow-up. 31 It includes the assessment of several domains such as functionality, mobility/risk of falls, cognition, depression, comorbidity, polypharmacy, social situation, and geriatric syndromes. 29 CGA has been shown to be a valuable tool in geriatric medicine. Although there are no prospective randomized trials showing a survival or quality of life benefit for CGA use in cancer patients, there are mounting data that CGA will be useful in the practice of oncology. A review of studies using geriatric assessment in the setting of lung cancer 32 reported a high prevalence of geriatric impairments despite good Eastern Cooperative Oncology Group performance status scores. Components of the geriatric assessment, including objective physical capacity and nutritional status, were consistently associated with mortality. Additionally, the SIOG endorses the importance of CGA for detection of impairments not identified in routine history or physical examination, ability to predict severe treatment-related toxicities, ability to predict OS in a variety of tumors and treatment settings, and ability to influence treatment choice and intensity. 31 Use of a geriatric assessment tool might allow better selection of elderly patients who are fit for combined modality therapy for LA-NSCLC. The limitations of our study include those that are inherent to all retrospective series. The sample size in this study was relatively small, which limits the ability to perform extensive statistical analyses. Treatment was nonstandardized and thus there is the potential for selection bias, illustrated by the fact that significantly more patients in the elderly cohort received taxane-based chemotherapy. Despite the variation in chemotherapy, after adjusting for age, we found no significant differences in pneumonitis or OS on the basis of the chemotherapy regimen. Also, because of the retrospective nature of this review and the difficulty in reliably determining patients' performance status at the time of treatment initiation, we concluded that it would be imprudent to report this information. As such we were unable to account for potential variations of performance status between the 2 cohorts. Finally, some toxicities inherent to treatment, such as esophagitis, were inconsistently recorded and thus not reportable in our study.
Conclusion
Chemoradiotherapy is an effective treatment in elderly patients with LA-NSCLC, with outcomes similar to that in younger patients. Appropriately selected elderly patients should be considered for definitive management with chemotherapy and radiation.
Clinical Practice Points
As life expectancy continues to lengthen and the elderly proportion of the population grows, the incidence of cancer is increasing. Locally advanced NSCLC is commonly managed with multimodal therapy consisting of chemotherapy and radiation, yet there are limited data regarding the efficacy and safety of this approach in elderly patients. The present study adds data to the scarce existing body of literature regarding a common and often fatal malignancy, which is certain to become a growing problem in the aging population. We reviewed our institution's experience among patients with LA-NSCLC treated with either sequential or concurrent chemotherapy and radiation and to determine the prognostic significance of age. In our cohort, 98 patients were 70 years of age or younger and 25 were older than 70 years of age. In multivariable analysis, there was no difference in the PFS (HR, 1.15; P ¼ .64) or OS (HR, 1.18; P ¼ .65) of older versus younger patients. Pertinent literature and methods of geriatric assessment that might help a clinician determine optimal treatment options are also discussed in this report.
Chemoradiotherapy is an effective treatment in elderly patients with LA-NSCLC, with outcomes similar to that in younger patients.
Appropriately selected elderly patients should be considered for definitive management with chemotherapy and radiation.
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